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modify e x i s t i n g  
c t ,  Type V I  s t i l l i n g  

DESIGN RECOMMENDAT 

The following procedures and rules are recommended i n  t h e  
design of t h e  Type V I  basin:  

ne t h e  ve loc i t y  
g flow. I f  tine 

Froude number is less than 1 o r  more than 1 0 ,  use  of t h i s  ': 

basin  is no t  p rac t i cab le .  

2. I n  computing t h e  Froude number assume t h e  depth "D" 
t o  be square r o o t  of t h e  c ro s s  s e c t i o n a l  a r ea  of t h e  flow 

; ' a t  t h e  entrance "Q/V." The flow is usua l ly  from a pipe. 
If  t he  pipe flows p a r t i a l l y  f u l l ,  it should be vented 
a t  t he  upstream end. - .- 

3. I f  t h e  .entrance pipe s lopes  downward, t h e  o u t l e t  end 

. , . 
4. I f  t h e  flow e n t e r s  t h e  bas in  f rom a rec tangular  open 
channel,  t h e  channel wa l l s  should be a s  high a s  t h e  bas in  
wal ls  and t h e  i n v e r t  should be hor izon ta l  f o r  a minimum 
of two channel widths upstreamfrom t h e  basin.  

5. Havingdetermined t heF roude  number, e n t e r  'Figure 
8 t o  f i nd  t h e  minimum required  width of basin.  

bas ins  l a r g e r  

n design f lows ,  
e design flow. 

a s i n  width i n  

o f  t h e  s t r u c t u r e .  



8.  To prevept  t h e  p o s s i b i l i t y  of c av i t a t i on  o r  impact 
damage t o  t h e  basin,  it is believed t h a t  an entrance a e b -  
city.:of 50 /feet (15.24 meters) par  second should no t  be 
exceeded. 3 .  . ..-- ...- - ... 

<. -.. ",~ 
9. Riprap wi th  a well-graded mizture o f . s t o n e s ,  most 
f ;  which have diameters equal t o  one-twentieth of t h e  
a s i n  .width, should be p laced  t o - a  depth equal t o  t h e  
e i g h t  of end sill f o r  a  d i s t ance  e q u i v a l e n t t o  one basin 
i d t h  downstream from t h e  end sill.  The . r ip rap  on t h e  
ide  s lopes  should extend t o  t h e  same height  a s  the , , t ra in ing 
a l l s .  

I f  t he  e leva t ion  of t h e  channel bed is below t h e  end s i l l ,  
t h e  ve loc i ty  of f l owen te r ing  t h e  channel w i l l  be increased 
and t h e  r i p r a p  s tone s i z e  should be increased as determined 
using Figure 1 4 .  The drop i n  e levat ion  from s i l l  t o  bed 
must be added t o  t h e  ve loc i ty  head of t h e  flow a t  t he  
end s i l l ,  a s  determined from Figure 13,  t o  ob ta in  t h e  

: average ve loc i ty  of flow enter ing  t h e  t a i lwa t e r  channel. 
This ve loc i ty  can be used i n  Figure 1 4  t o  determine t h e  
s i z e  of s tones  required. 

used by increasing t h e  t a i lwa t e r  depth i n  t h e  channel ., 

t h  of d + b/2'(see Figure 1 f o r  d e f i n i t i o n  of 
"b") above , t he  basin f l o o r ,  Compare Figures 4 

with Figures 15 and 16 .  



INTRODUCTION 

S t i l l i n g  Basin V I . a s  r e f e r r ed  t o  i n  Sect ion 6 of Report 
. No. Hyd-399 1/ and i n  Engineering Monograph No. 25 2/ w a s  

o r i g i n a l l y  developed f o r  use  a s  a n  energy dissipater a t  sev 
loca t ions  on t h e  Franklin Canal. Manyof these  basins are 

s t ruc tu r e s  has revealed t h e  need for:y- evis ion  of these  design 
standards.  Unforeseen operat ing condit ions i n  t h e  f i e l d  and 
t h e  over genera l i za t ion  of t h e  present  design r u l e s h a v e  caused 
operat ing problems a t  some of t h e  prototype s t ruc tu r e s .  

-.- .-- 
Four p r inc ipa l  operat ing problems t h a t  have occurred a t  various 
i n s t a l l a t i o n s  are: (1) The basin tends t o  c log  with deb r i s  
upstream of t he  hanging ba f f l e .  R ~ s s i a n ~ t h i s t l e s  and s imi l a r  
weeds a r e  t h e  main source deb r i s  which is  not  genera l ly  
a  problem i n  cu l t i va t ed  ar,zas.- ( 2 )  Excessive splash overtopping 
t h e  compartment wa l l s  updtream?9f t h e  b a f f l e ,  usual ly r e su l t i ng  
from too s m a l l a  basin f o r  t h e  <uantity and.s .eloci ty of flow 
involved, has eroded t h e  f i l l  ou t s ide  t h e  ' b a s in~wa l l s .  (3) 
The discharge from t h e  e n t r a n c e p i p e  passes under t h e  b a f f l e , .  
r e s u l t i n g  i n , v e r y  l i t t l e  energy d i s s i p a t i o n  i n  t h e  bas in  and 
excessive erosion of t h e  downstream channel. This has occurred 

THE MODELS 



t o  vary t h e  ve loc i t y  of f l o w e n t e r i n g  t h e  basins.  One-fourth; 
one-half , three-f our ths  , and'.. f u l l  pipe f lows  .were  used . in  
t h e  tests a s  w e l l  a s  flow from an 8-inch .(20.32-cm) rec tangular  
open channel. 

bottoms of t he  canal  sec t ions  w e r e  a t  t h e  same e leva t ion  of 
t he  basin end s i l l  and w e r e  a s  wide a n d a s  long a s  t h e  bas in  
width. The s i d e  s lopes were 1-1/2 t o  1 f o r  t h e  2.4-foot (73.15-an) 
wide bas in  and v e r t i c a l  f o r  t h e  smaller  basin.  - 

THE INVESTIGATION 

The inves t iga t ion  was pr imar i ly  concerned wi th  r e l a t i n g  t h e  

of excep t iona l lymi ld  operat ion and of s a t i s f a c t o r y  maximum 

se test  discharges w e r e  reSated t o  t he  bas in  t h  i n  accord- 
e with t h e  equation: 

harge i n  cubic f e e t  per  seco 
a s in  i n  f e e t ,  and "C" i s  a c 



depths ( ~ i ~ u r e s  2 'and 3 ) .  Particular attention was given 
t o  t h e  intermediate discharge which represented t h e  £1 

shown i n  Figure 1 .  

Standardization of the Basin Flow Entrance 

The flow usually enters the basin from a circular 

la horizontal f i l l e t  
of one pipe diameter 



With t h e  bas in  dimensions s tandardized i n  r e l a t i o n  t o  t h e  .. 

basin  width, t h e  next  S t e p  was t o  s tandardize  t h e  width i n  
r e l a t i o n  t o  t h e  quan t i ty  and ve loc i ty  of t h e  flow en te r ing  
t h e  basin.  The test  flows (Figures 2 and 3) used i n  ve r i fy ing  
t h e  s tandard dimensions of t h e  bas in  i n  Reference 2 w e r e  repeated 
i n  t h e  2.4-foot (73.15-an) wide model bas in  bu t  wi th  a  riprapped 
channel simulated a t  t h e  downstream end of t h e  basin.  Water 
su r face  roughness and eros ion together  with t h e  a b i l i t y  of 
t h e  bas in  to conta in  t h e  flow were used as gu ide l ines  i n  evalua- 
t i n g  t h e  hy,!raulic performance t e s t  flows . (Figures 4 through 
7 ) .  Each a'f t h e  test flows was judged t o  be s a t i s f a c t o r y  
o r  unsa t i s fac to ry  and p l o t t e d  i n  dime&&.onless terms (Frsude 
number of t h e  incoming flow "F" versus  t h e  r a t i o  of basin 

.number of t he  incoming flow, it was assumed t h a t  t h e  c ro s s  
s ec t i ona l  a r ea  of t h e  jet i n  t h e  c i r c u l a r  p ipe  o r  rec tangular  
channel had t h e  shape of a square;  thus ,  t h e  depth  of t h e  " incoming flow,"DW was considered t o  be t h e  square r o o t  of 
i ts c ros s  s ec t i ona l  area .  



(48.76-cm) widemodel while maintaining t he  8-inch (20.32- 
c m )  entrance pipe (Figure 10) .  The tests were evaluated and 
p lo t t ed  - in  Figure 8 a t  a IY/D r a t i o  of, 3.08. T h e  s i d e  s lopes  
of t h e  downstream discharge channel w e r e  v e r t i c a l  and t h e  

Additional tests w e r e  run i n  t h i s  s m a l l e r  moael (Figures 11 
and 12) t o  confirm the  f indings found i n  t h e  l a r g e r  model 
basin. The r e s u l t s  of these  tests are p lo t t ed  i n  F igure -8  
a t  ?/D r a t i o s  of 3 . 8  and 6 -1. The two models shoved very 
good agreement i n  what was considered s a t i s f a c t o r y  and unsat i s -  
factory performance a s  seen by cornparing Figures 4 and 6 with 
11 and 12. 

I n  Figure 8 t he  s t r a i g n t  l i n e  drawn through t h e  da ta  points  
with the  h ighes t  Froude numbers f o r  which s a t i s f a c t o r y  operat ion 
exis ted  ind ica tes  t h e  minimum width o f , , ba s in  t h a t  can be used " 
f o r  a given Froude number. Data po in t s  above t he  l i n e  ind ica te  
t h a t  it should be permissible t o  increase  the s i z e  of t h e  
basin approximately 25 ,percent;  however, t h i s  should not be 

done  as these points  represent  t he  condit ion when the bas in  
is  operating a t  less than t h e  design discharge. I f  t h e  basin 
is too l a rge ,  t he  incoming jet w i l l  pass under t h e  b a f f l e  
as has occurred a t  sohe i n s t a l l a t i o n s  and e f f e c t i v e  energy 

.d i s s ipa t ion  w i l l  not occur. For b e s t  r e s u l t s  t he  bas in  should 
be designed f o r  the  ninknum width indicated i n  Figure 8 . ;  

us s tud ies  ( ~ e f e r e n c e  2) t h e  design c r i t e r i a  f o r  



. - 

The maximum Froude number, 8 - 8 2 ,  f o r  which t h e b a s i n  i s  recom- 
mended w i l l  occur a t  t h i s  entrance velocity-when t h e  design 
flow is 50 cubic f e e t  ( 1 . 4 1  cubic meters) p e r  second with . . 
the  maximum recommended "W/D" r a t i o  of 1 0 .  

Standardization of the  Discharge Chanr-el Riprap 

determined 
the basin s i ze  and r e l a t i v e  s i z e  of stones i n  t he  r iprap ,  
hed i scharge  capacity 2nd entrance veloci ty  l imi ta t ions  were 
etermined a s  already described. 

A model r i p r ap  was chosen t h a t  approximated a basin width- 
to-stone diameter r a t i o  of 20 t o  I .  This s i z e  appeared t o  
be reasonable and was confirmed by t h e  t e s t s  described i n  
the  preceding sec t ion  on s t a n d a ~ d i z a ~ i o n  of basin width. These 
tests showed t h a t  s l i g h t  erosion of t h e  r i p r ap  began a t  about 
the same t i m e  a s  excessive water surface roughness showed 
up within and downstream of t h e  b a s h .  

The model r ip rap  consisted of rounded gravel  t h a t  was re ta ined ~. 

on a 3/4-inch (19.05-mm) s ieve  and passing a 1-1/2-inch 
(38.10-mm) s ieve;  50 percent o r  more of t h e  s tones were the 
l a rger  s i z e  which is approximately 1/20 of t h e  basin width. 
The gravel  was p l a c e d o n t h e  channel bottom a t  end sill  elevat ion 
and on the  1-1/2 t o  1 s ide  slopes f o r  a d is tance  equal t o  
t he  basin widtn beyond t h e  end sil l ,  and t o  a depth equal 

e s i z e  requirement. 

requirement, W/20, 



ities-in.channe1.s downstream of stslling basin, Reference 2. 
The comparison indicates that the stone sizerecommendation 
here is conservative; however, the flow from the sill is in a 
downward direction as there is a drop in water surface from 
end sill to', channel (Figure 13). Also, the average velocity 
plotted in Figure 13'is not as high as the velocity of flow 
from the center of the sill. 

Prototype structures previously designed using Reference 2 
but meeting the standards. here have operated successfully. 
The outlet basins at Picacho South and North Dams, discharging 
at 80-percent capacity, are examples (Figure 17) . The following 
table shows the design-requirements for the 80-percent capacity 
which occurred August 20, 1954, and for the 100-percent design 

acity, the table shows the 
he size of basins to be adequate. 

he.actua1 performance onAugust 20, 1954, proved this to 
e true, Figure 17. However, for 100-percentdesign capacity, 
he.table shows the basins to be about 13 percent undersized 
ased on the :des sented ,herein, .Figure 8. 
he photographs to indicate-.that t 

heir desired capaciti 

Tailwater Recommendations 

The effect of tailwater on the basin efficiency was determined 
by repeating the above tests using a maximum tailwater controlled 
to a depth of d + b/2 above the basin floor as suggested in 
Reference 2. (See Figure 1 for definitions). A comparison 
of these flow conditions (Figures 15 and 16) with the uncontrolled 
tailwater flow conditions (Figures 4 and 6) shows that the 
water surface roughness and bed erosion are reduced by the 
higher tailwater but not sufficient to allow a reduction in 
the basin size. The riprap stone size could be reduced slightly 
as determined by the reduced velocity using Figure 14. 

Performance Evaluation 

Energy dissipation is initiated by flow striking the vertical 
hanging baffle and beinq turned upstream by the horizontal 
portion of the baffle and by the floor, in vertical eddies. 
Its effectiveness is best illustrated by plotting the percent 
of energy loss between the entrance portal and the end sill 
for a range of operating conditions as represented by the 
Froude number (Figure 13). Comparing the energy loss with 
the losses in a hydraulic jump shows the impact basin to be 
more efficient . 







t h e  r i p r a p  ~ a s - ~ r o b a b l ~  nearer t o  end s i l l  e levat ion  than 
spec i f i ed  i n  t h e  above t ab le .  This would reduce t he  required 
s tone  diameter to  something less than 18 inches (46 centimeters) 
bu t  g rea te r  than 8 inches (20 cent imeters) .  Since t h i s  range 
is within t h a t  speci f ied ,  t h e  r i p r ap  would be expected t o  
remain i n  place and did.  

Sediment may accumulate i n  t he  basin below t h e  hanging b a f f l e  
during periods of non-use. The notches were i n s t a l l ed  i n  t he  
ba f f l e s  t o  provide an opening through which a je'c would discharge 
t o  begin erosion and removal of t he  sediment from the  basin.  

The 2.4-foot (73.15-m) wide basin was operated with t h e  port ion 
f t h e  basin below the  hanging ba f f l e  blocked t o  simulate a 

l l e d  basin. It was determined from t h i s  test  t h a t  

i 

An Alternate End S i l l  Design 

The a l t e r n a t e  end s i l l  design (Figure 1) having 45O wingwalls 
was not  t e s t ed  i n  t h i s  study. Examination of t he  da t a  and 
photographic r e s u l t s d  t he  e a r l i e r  s tud ies  (Reference 21, 
however, indicated t h a t  height of b o i l  and drop i n  w a t e r  sur- 
f a ce  e levat ion  t o  t he  channel (Figure 13) w i l l  be reduced 
by using t he  45" wingwalls and a longer end sill.  The use 
of t h i s  sil l  would allow t h e  flow t o  spread more uniformly 
over a wider channel and, thereby, reduce erosion tendencies 
and wave heights.  

Debris Barrier and Trashrack 

A t  some prototype i n s t a l l a t i o n s ,  weeds and debr i s  such a s  
Russian t h i s t l e s  have been trapped i n  t he  basin between t he  
pipe por ta l -and  t h e  ba f f l e .  This deb r i s  has compacted t o  
t he  extent  of blocking t he  p o r t a l ,  thus  reducing t he  capacity 
of t he  s t ruc tu re .  The compacted weeds w i l l  not  wash out  and 
a r e  very d i f f i c u l t  t o  remove. The only s a t i s f ac to ry  f i e l d  
method of removing t he  debr is  has been t o  destroy port ions 
of t he  ba f f l e .  

This condition was t e s t ed  i n  t he  two models using Russian 
t h i s t l e  branches. The model demonstrated t h a t  t he  t h i s t l e s  
would not wash out  and no s a t i s f ac to ry  method of making t he  
basin self-cleaning of weeds and deb r i s  w a s  developed. 

~t s t ruc tu res  where t h i s t i e s  o r  o ther  debr is  a r e  l i k e l y  t o  be 
a problem, it i s  suggested t h a t  screening be used t o  cover t h e  
cpstream port ion of t he  basin and t h a t  a screen o r  t rashrack 
device be used where t he  flow en te r s  t he  pipe t o  t he  basin. 

Self-cleaning Feature 



: Flood of 

: South .: North : South : North , ,~, 

: Dam : Dam : :.Dam : Dam 

Riprap stone diameter for : 
recommended basin above : 
channel, Figure 14, inches: 18 

elevation, Figure 14, 

According to construction, specifications for both dams. the 
riprap below the outlets was to "* * consist of durable rock 
fragments reasonably graded in size * * *" from 1/8 cubic yard 
(95 cubic centimeters) to 1/10 cubic foot (28 cubic centimeters). 
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PLAN 

~edding '  
SECTION SECTION 

STILLING BASIN DESIGN ALTERNATE 
END SILL 8 
WING WALL 

H = 3/4 (W) d = % (W) 
L = % (Wl e = I/l2 (Wl 

3 a = I/2(W1 t = 1/12 ( W ) ,  suggested minimum 

b = Ye (W) Riprop stone size d ~ o r n e t e r  = '/zo (W) 

c = i/2 [WI 

IMPACT S T I L L I N G  BASIN 

T Y P E  PL 
G E N E R A L  D E S I G N  



F i g u r e  2 
Repor t  Hyd-572 

1 

! 

V = 9.9 f t / s e c  (3.02 m/sec) V 1 21.58 f t / s e c  (6.58 m/secl 
Photo PX-D-64315 C = 1 .46  (1.855) Pho to  PX-D-64316 

Q = 3.47 cEs (0.098 cms) 

V = 7.89 Et/sec (2 .40  m/secl V = 17.15 f t / s c c  (5.23 m/sec) 

Photo  PX-0-64308 S = 1.60 (2.04) Photo PX-D-64307 
Q = 2.76 c f s  (0.078 cms) 

v = 5.84 f t / s e c  (1.78 m/scc) V - 12.69 Et/sec (3.87 ~ / s @ c )  
Photo PX-D-64314 C = 1.80 (2.29) Photo  PX-D-64317 

o = 2.04 c f s  (0.058 cms) 



Figure 3 
R e p o r t  Hyd-572 

V = 9 . 9  f t / s e c  ( 3 . 0 2  m / s e c )  V = 2 1 . 5 8  f t / s e c  ( 6 . 5 8  m / s e c )  
P h o t o  PX-D-64311 C = 1 . 4 6  ( 1 . 8 5 5 )  P h o t o  PX-D-64310 

Q = 3 . 4 7  cEs (0.098 cms) 



Figure 4 
Report Hyd-572 

F = 1.34 
W/D = 4.06 
satisfactory 
pX-D-64318 



. . .  . x i .  
,,..>. . 

: 4 :  . -. . ~ .  
, , ., , 

Figure 5 , .. 
Report Hyd-572 

F - 1.34 
W/D = 4.06 
No erosion 
Satisfactory 
PX-0-64319 

F = 1.81 
W/D = 4.06 
Erosion 
SatisEactory 
PX-D-64321 



Figure 6 
Report Hyd-572 

F = 3.53  
W/D = 5 . 9 8  
satisfactory 
PX-D-64324 

F = 4 .77  
W/D = 5 . 9 8  
Unsatisfactory 

I 
PX-D-64326 

F = 6.01 
W/D = 5 . 9 8  
Unsatisfactory 
P X - D - 6 4 3 2 8  

Note: For erosion 
resu l t s  see Figure 7 ;  ~. 
for p lot  of these 
operating c o n d i t i o n s  S. 
see Figure 8. f : 

IMPACT STILLING BASIN 
TYPE V I  



Minor erosion 
Satisfactory 
pi[-D-64325 

F = 4.77 
W/D - 5.98 
Excessive Erosion 
Unsatisfactory 
PX-D-64327 

F = 6.01 
W/D = 5 . 9 8  
Excessive Erosion 
Unsotisfactory 
PX-D-64329 

Note: For plot 05 
these operating ... . 



F I G U R E  B  
E P O R T  H Y D - 5 7 2  

" is the inside width o f  t h e  bosin. 
epresents t h e  depth o f .  flow entering the basin 
ond' isthe square root  o f  the flow a r e a .  

"v" is the  velocity i f  the incoming  f low.  
a t e r  depth i; uncontrolled. 

UDE N U M B E R  



Satisfactory 
PX-D-64339 

F = 6.67 
U/D = 8.15 
No erosion 
SatisEactory 

1 PX-U-64340 



Figure 10 
Report Hyd-572 

IIIPACT STILLING BASIN 
TYPE VI 

F = 0.91 
w/D = 3 . 0 8  
No erosion 
Satisfactory 
PX-D-64346 

? = 1.07 
W/D s 3.08 
No erosion 
Satisfactory 
PX-D-64347 

F = 1.27 
W/D = 3 . 0 8  
Minor erosion 
Unsatisfactory 
PX-D-64348 

Note: For plot of 
these operating con- 
ditions see Figure 8. 

Entrance Pipe Flowing Three-fourths Pull with Uncontrol 
Tailwater in 1.6-foot-wide Basin 



Figure 11 
Report Hyd-572 

F = 1.01 
W/D - 3.81 
No erosion 
Satisfactory 
PX-D-64342 

F = 1.56 
W/D = 3.81 
NO erosion 
Satisfactory 
PX-D-64343 

F = 1.83 
W/D = 3.81 
Minor erosion 
Unsatisfactory 
PX-D-64344 

Excessive erosion 
Unsatisfactory 
PX-D-64345 

Note: For plot oE 
these operating con- 
ditions see Figure 8. 



Figure 12 
Report Hyd-572 

F = 3.72  
W/D = 6 .14  
NO erosion 
Satisfactory 
PX-D-64336 

F = 5 . 1 1  
W/D = 6 . 1 4  
Excessive erosion 
unsatisfactory 
PX-D-64337 







F = 1.34 
W/D = 4 .06  
NO erosion 
szeisfacrory 
pX-D-64332 

F = 1.81 
W/D 4.06 
No erosion 
Satisfactory 
PX-D-64331 

F = 2.27 
W/D = 4.06 
Excessive erosion 
PX-D-64330 

Notes Tailwater = 
d + b/2; see Figure 1 
for definitions 



Figure 16 
Report Hyd-5'72 

F = 3.53 
W/D = 5 . 9 8  
NO erosion 
Satisfactory 
px-D-64333 

F = 4.77 
W/D = 5.98 
Minor erosion 
UnsatisfactOKY 
px-D-64334 

F = 6.01 
W/D = 5 . 9 8  
Excessive eros ion 
unsatisfactory 
PX-U-64335 

Note: Tailwater = 
d + b/2; s e e  Figure 1 
for de f in i t i ons  

T STILLING BASIN 
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south  Dam o u t l e t  works s t r u c -  
t u r e  d i s cha rg ing  130 c f s  (80 
pe rcen t  o f  maximum). Photo 
PX-D-31830. 

Picacho North Dam o u t l e t  works 
s t r u c t u r e  d i s cha rg in y  210 cfs 
(80 pe r cen t  of  maximum capac- 
i t y ) .  Photo PX-D-64350. 

Scour  below Picacho North Dam 
o u t l e t  works fo l l owing  f lood  
of nugus t  20, 1954. Evidence 
p o i n t s  t o  unders ized  r i p r a p .  
Photo PX-D-64351. 

Note: ~t Eu l l  capa-  
c i t y  t h e  ba s in s  are 
approximately 1 3  . . .  
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